In order to prepare, from radioactive sulfur, the sulfur-containing amino acids of a high order of specific activity for biological experiments such as those described in the foregoing publication, it was necessary (owing to the cost of radioactive sulfur) to investigate the efficiency of utilization of small amounts of sulfur. The synthetic methods utilized are not novel, but are described below because of the data obtained on yields in numerous small scale preparations. Since present methods of preparing radioactive sulfur from neutron bombardment of carbon tetrachloride involve its isolation and purification as BaSO, (1) , the schema of synthesis used for the preparation of three sulfur containing amino acids begins with barium sulfate (Figure 1 ).
The synthesis of radioactive methionine (VI) from radioactive sulfur (0.05 moles) was reported by Tarver and Schmidt (2) , using a modification of the synthesis of homocystine (V) reported by Patterson and du Vigneaud (3). The same yields as they report were obtained in preparing homocystine from 0.06 moles of sulfur. However, in the methylation of homocysteine, we were unable to obtain the anticipated yields. It was found that for preparing homocystine, the more convenient reduction of benzylhomocysteine (IV) with sodium and butyl alcohol gave as good yields as reduction with sodium and liquid ammonia. For the preparation of methionine, treatment of the resultant sodium salt of homocysteine with methyl iodide did not give as good yields as reported by Tarver and Schmidt, whether reduction was conducted in liquid ammonia or butyl alcohol. Attempted methylation with dimethyl sulfate and diazomethane did not proceed well.
The method of synthesis of cystine (IX) from 1 Part of this work was done in partial fulfillment of the Bachelor's Degree with honors in biochemistry, Harvard University. benzyl mercaptan (I) (0.6 moles), reported by Wood and du Vigneaud (4) in 23 per cent yield, was found to give a 21.5 per cent yield when 0.06 mole was used. Reduction of benzylcysteine (VIII) to cysteine with sodium and butyl alcohol did not give good yields; therefore, sodium and liquid ammonia were used. Since radioactive benzyl mercaptan is necessary for the synthesis of all three amino acids, a method of preparation of the mercaptan from hydrogen sulfide, other than that described by Tarver and Schmidt, in 70 per cent yield, was investigated. Elementary sulfur was prepared from hydrogen sulfide by oxidation with iodine, and this was treated with benzylmagnesium chloride. The yield of benzyl mercaptan was 80 per cent. It was found that the yield by the method of Tarver and Schmidt could be raised 4 per cent if the small amount of dibenzylsulfide formed in their reaction was reduced to benzyl mercaptan with sodium in liquid ammonia.
The Fischer synthesis (5) of cystine from f8-chloroaminopropionic acid with barium hydrosulfide was investigated under various conditions. Much poorer yields than the 5 to 10 per cent reported on the basis of chloroaminopropionic acid were obtained when sulfur was not used in large excess.
Attempts to prepare radioactive cystine by replacement reactions of cysteine and radioactive hydrogen sulfide have been described by Tuck (6) and Tarver and Schmidt (2) . In a reinvestigation of the problem, no more than 0.3 per cent of available radioactivity was incorporated in cystine (two crystallizations) obtained after heating cysteine hydrochloride with radioactive hydrogen sulfide in aqueous solution at 1050 C. for 10 hours. Heating for longer intervals, at higher temperatures, or at alkaline pH, resulted in destruction of a large fraction of the cysteine.
The Hydrogen sulfide production occurred more rapidly at the beginning of reduction when water was seen condensing in the cold part of the tube.
Sulfur. Hydrogen sulfide was generated from barium sulfide with 30 per cent phosphoric acid and from cadmium sulfide with concentrated hydrochloric acid. The gas was swept out of the reaction flask with nitrogen and bubbled through two absorption tubes, containing slightly more than. an equivalent of iodine dissolved in 20 per cent potassium iodide. The excess iodine was reduced with a little sodium bisulfite and the mixture was neutralized with ammonium hydroxide. The mixture was then heated at 1000 C. for 1 hour to convert the amorphous sulfur to the crystalline form. It was ground to a powder, collected, and washed with water, alcohol, and ether. The yield was quantitative.
Benzyl mercaptan (I) from sulfur. Benzyl magnesium chloride, prepared from 0.12 mole of benzyl chloride and 0.13 mole of magnesium, was allowed to remain in the presence of the excess magnesium overnight to ensure complete reaction of the benzyl chloride. 
SYNTHESIS OF HOMOCYSTINE
Benzylthioethyl chloride (II). To the concentrated reaction mixture containing benzyl mercaptan in 74 per cent yield as described above, was added an equivalent of sodium methylate in the cold. Ten moles of ethylene dichloride (50 grams) were added and the mixture was allowed to stand overnight. It was then heated to the boiling point, cooled, acidified, and washed with water. The washings were extracted with a small amount of ethylene chloride. The combined organic layer was dried with anhydrous sodium sulfate, and the ethylene dichloride distilled at atmospheric pressure. The pressure was lowered and the fraction boiling at 100 to 1100 C. at 3 mm. was taken. The yield was 8 grams (90 per cent) of pale yellow oil.
Benzylthioethyl phthalimidomalonic ester (III). The above oil was heated with 18 grams of sodium phthalimidomalonate (9) , at 1700 C. for 5 hours. The product was obtained by extraction with toluene.
S-Benzylhomocysteine (IV). The oily product was refluxed with 20 cc. alcohol and 35 cc. 5 N NaOH for 30 minutes. Water (100 cc.) and 20 cc. concentrated HC1 were added and refluxing was continued for 30 minutes. After the addition of 50 cc. concentrated HCI, refluxing was continued for 1 hour. The solution was then cooled and extracted with ether, and the aqueous portion was evaporated to dryness at reduced pressure. The residue was extracted with boiling absolute alcohol and neutralized with NH,OH.
The precipitate was collected, washed with hot alcohol, and ether. The yield of fine white platelets was 5 -grams (51 per cent). On the basis of BaSO4, utilizing a 74 per cent yield of benzyl mercaptan, the yield was 33 per cent; that reported by Tarver and Schmidt was 29 per cent.
dl-Homocystine (V). Benzylhomocysteine (1.56 grams) was suspended in 30 cc. butyl alcohol, and 1.6 grams of sodium were added in small pieces to the refluxing mixture over 2.5 hours. After cooling, the solution was extracted with water, the aqueous extract was neutralized with HC1 and made faintly alkaline with NH,OH.
A crystal of FeCl8 was added, and 02 was bubbled into the solution until the color of the dark complex which formed had disappeared. The solution was neutralized, concentrated in vacuo to 75 cc., and allowed to stand overnight. The (10) were heated at 1000 C. for several hours with an equivalent of Ba(SH)2, KSH, and benzyl mercaptan in alcoholic, aqueous and dioxane medium. In no case was cystine or benzylcysteine isolated. The chloroaminopropionic acid was decomposed in each case and the odor of acrylic acid was noted when the tubes were opened.
SULFUR EXCHANGE EXPERIMENT
In preliminary experiments it was found that cysteine hydrochloride largely decomposed when heated with more than an equivalent of potassium hydrosulfide in a bomb at 1000 C. When sufficient hydrochloric acid was added to the cysteine hydrochloride to neutralize the potassium hydrosulfide, cystine was not recovered after heating for 19 hours at 1000 C. or 1 week at 800 C. Recovery was 25 per cent after heating 10 hours at 1050 C., 67 per cent after heating 10 hours at 1000 C., and 85 per cent after heating 5 hours at 1000 C.
A tube containing 800 mgm. cysteine hydrochloride and 4 drops of concentrated HCI was suspended in 4 cc. water, containing 17 mgm. of cadmium sulfide, containing radioactive sulfur. The bomb was sealed and heated with agitation until the cadmium sulfide had dissolved. It was then heated for 5 hours at 1000 C. An 85 per cent recovery of cystine was obtained. Radioactivity measurements indicated incorporation of 0.6 per cent of the radioactive sulfur used. After recrystallization 0.13 per cent incorporation was found.
In another experiment, using 17 mgm. of cadmium sulfide, 1600 mgm. of cysteine hydrochloride, 4 drops of concentrated HCl, and heated for 10 hours at 1000 C., 67 per cent recovery of cystine was obtained. Activity measurements indicated incorporation of 2.4 per cent of radioactive sulfur. After recrystallization, 0.26 per cent incorporation was found.
SUMMARY
Utilizing synthetic methods developed by du Vigneaud and coworkers and by Tarver and Schmidt, three amino acids containing radioactive sulfur were each prepared from 0.06 mole of BaSO4. Cystine was obtained in 17 per cent yield, homocystine in 25 per cent yield. The yield of methionine from homocysteine reported by Tarver and Schmidt was not duplicated.
An improved method for preparing benzyl mercaptan from radioactive sulfur is described. 
